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SUMMARY 
Severa approaches t o  develop a d iagnos t i cs  system f o r  mon i to r i ng  the 
opera t i ona l  h e a l t h  o f  t h e  Space S h u t t l e  Main Engine (SSME) a r e  being eval -  
uated. The u l t i m a t e  goal i s  t o  p rov ide  p r o t e c t i o n  f o r  t h e  SSME as w e l l  as t o  
improve ground and f l i g h t  t e s t  techniques. One scenar io w i t h  p o t e n t i a l  i s  t o  
measure Radio Frequency Emissions (RFE), i f  present,  i n  the  exhaust plume and 
c o r r e l a t e  t h e  data t o  engine hea l th .  
s tep  i n  e v a l u a t i n g  t h i s  approach. 
The work r e p o r t e d  he re in  i s  t he  f i r s t  
An RFE d e t e c t i o n  system was designed, the  equipment leased, and the compo- 
nents i n t e g r a t e d  and checked o u t  t o  conduct a qu ick- look i n v e s t i g a t i o n  o f  RFE 
i n  t h e  SSME exhaust plume. The system was i n s t a l l e d  on the  A-1 Test Stand a t  
Stennis  Space Center, and data were success fu l l y  acqui red d u r i n g  SSME f i r i n g s  
from May 3 t o  September 15, 1988. The experiments i n d i c a t e d  t h a t  emi t ted r a d i -  
a t i o n  i n  the RF spectrum (20-470 MHz) d e f i n i t e l y  e x i s t s  i n  t h e  SSME exhaust 
plume, and i s  o f  such magnitude t h a t  i t  can be d i s t i n g u i s h e d  from background 
no ise  d u r i n g  the  f i r i n g .  A1 though a d d i t i o n a l  e f f o r t s  are necessary t o  assess 
the  m e r i t  o f  t h i s  approach as a h e a l t h  mon i to r i ng  technique; t he  p o t e n t i a l  i s  
s i g n i f i c a n t ,  and a d d i t i o n a l  s tud ies  are recommended. 
i v  
SPACE SHUTTLE M A I N  ENGINE RADIO FREQUENCY EMISSIONS 
INTRODUCTION 
Background 
Widespread e f f o r t s  a re  c u r r e n t l y  underway t o  develop an engine diagnos- 
t i c s  system t o  moni tor  t he  Space S h u t t l e  Main Engine (SSME) (and subsequent 
engines) d u r i n g  opera t i on  i n  order  t o  d e t e c t  component degradation. Theoret i -  
c a l l y ,  t he  development o f  such a system, combined w i t h  a feedback c o n t r o l  
system t o  shut down t h e  engine, can be u t i l i z e d  t o  avo id  ca tas t roph ic  engine 
f a i l  ure. Several approaches a re  being eval  uated t o  accompl i s h  t h i s  goal, and 
those w i t h  the  most p o t e n t i a l  w i l l  be pursued t o  a greater  ex ten t .  
scenar io  w i t h  apparent p o t e n t i a l  i s  t o  measure the  emi t ted  r a d i a t i o n  i n  the 
r a d i o  frequency (RF) spectrum i n  t h e  SSME exhaust plume and t o  c o r r e l a t e  the  
data t o  engine hea l th .  Since the  plume i s  a cool  plasma w i t h  i o n s  acceler -  
a t i n g  a t  va r ious  r a t e s ,  t h e  c h a r a c t e r i s t i c s  of  these products of  combustion 
q u i t e  p o s s i b l y  a re  r e l a t e d  t o  the normal o r  abnormal s t a t u s  o f  engine opera- 
t i o n .  
i n  t h e  plume as no ise  o r  e lect romagnet ic  i n t e r f e r e n c e  (EMI), no known s tud ies  
have been p r e v i o u s l y  conducted o r  measurements taken i n  t h e  RF spectrum t o  
suppor t  t h i s  approach. 
under TWR No. CB-NEMI, us ing Center D i r e c t o r  D i s c r e t i o n a r y  Funding (CDDF), 
a t  t h e  request  o f  t h e  Technical Operations D i v i s i o n  o f  t h e  Center Operations 
O f f i c e  o f  NASA. 
Inc., SSC Group, Technical  Support Services Contractor a t  the SSC, Tekt ron ix ,  
and Rhode & Schwarz. 
One 
Al though i t  i s  g e n e r a l l y  known t h a t  e lect romagnet ic  energy i s  i n d i c a t e d  
The work r e p o r t e d  h e r e i n  was conducted a t  the Stennis Space Center (SSC) 
The r e s u l t s  o f  t h e  t e s t  were obta ined by  Sverdrup Technology, 
The data presented were acqui red a t  t h e  A-1  Test  Stand d u r i n g  t h e  p e r i o d  
o f  May 3 t o  September 15, 1988. 
and t h e  Sverdrup P r o j e c t  Manager was L.R. Smith. 
plishing the work were Dr. S.T.  W u  (NASA)  and E.L. Valenti, A.W. Rester, and 
J.C. Lau (Sverdrup) .  
The NASA Technical Moni tor  was D.J. Chenevert 
Key personnel i n  accom- 
Ob jec t i ves  
The o b j e c t i v e s  o f  t h e  e f f o r t s  repo r ted  h e r e i n  were t o  perform a quick- 
The long-range 
l o o k  base l i ne  experiment t o  c o n f i r m  t h a t  RF s ignatures e x i s t  and t o  document 
t h e  measurement o f  t h e  emissions i n  t h e  SSME exhaust plume. 
o b j e c t i v e  i s  t o  e s t a b l i s h  a r e l a t i o n s h i p  between RF s ignatures and engine 
heal t h .  
1 
EXPERIMENTAL METHODS 
Approach 
To accomplish t h e  quick- look basel i n e  experiment, an i n d u s t r y  survey 
was conducted to determine the most s u i t a b l e ,  o f f - t h e - s h e l f  hardware c u r r e n t l y  
a v a i l a b l e  t o  measure r a d i o  frequency emissions (RFE). From t h e  r e s u l t s  o f  t he  
survey, t he  des i red  components were se lected and e i t h e r  purchased o r  leased 
depending on c o s t  and a n t i c i p a t e d  f u t u r e  use. 
checked out ,  i n s t a l l e d  on the  A - 1  Test Stand a t  Stennis Space Center, and 
operated d u r i n g  Space S h u t t l e  Main Engine (SSME) s t a t i c  t e s t  f i r i n g s .  The 
data acqui red were analyzed and evaluated t o  determine the  ex is tence o f  RFE 
and a l s o  t o  begin f o r m u l a t i n g  a perspect ive o f  t h e  p o t e n t i a l  use o f  RFE as an 
engine h e a l t h  m o n i t o r i n g  technique. 
Then the system was assembled, 
Apparatus 
B a s i c a l l y ,  t h ree  components o r  subsystems were r e q u i r e d  to perform 
the  experiment: 
1. An RFE f i e l d - s t r e n g t h  r e c e i v e r  (antenna) 
2. An e lect romagnet ic  (EM) wave spectrum analyzer 
3. Associated computer and reco rd ing  systems t o  process and s to re  
the  data. 
Since no known prev ious s tud ies  on RFE i n  t h e  SSME exhaust plume were 
a v a i l a b l e  f o r  re ference,  i t  was necessary t o  s e l e c t  a system t o  cover and 
fast-sweep a wide frequency range i n  t h e  spectrum, i.e., from e s s e n t i a l l y  
0 t o  1000 MHz i n  r e a l  t ime. Two ins t rumen ta t i on  systems were used. 
0 A r e g u l a r  VHF/UHF TV antenna (a l ready  on hand and cover ing an 
approximate range o f  20-800 MHz) was used i n  a l l  f o u r  o f  the 
experiments discussed here in.  
A c a l i b r a t e d ,  l o g  p e r i o d i c  antenna (cove r ing  an approximate range o f  
200-1000 MHz) was a l s o  purchased, i n s t a l l e d ,  and used f o r  t h e  l a t t e r  
two experiments as p a r t  o f  a second, independent d e t e c t i o n  system. 
0 
The i n i t i a l  system, r e f e r r e d  t o  as t h e  Local  Video Recording System, was con- 
t a i n e d  t o t a l l y  a t  t he  A-1  Test Stand, and was s e t  up, turned on, and l e f t  run- 
n i n g  before personnel were evacuated f o r  t h e  SSME f i r i n g s .  The second, o r  
Remote S i t e  Mon i to r i ng  System, u t i l i z e d  a te lephone in te rconnec t  and addi- 
t i o n a l  computer systems t o  a l l o w  mon i to r i ng  and adjustment o f  frequency set- 
t i n g s  (on  the  spectrum analyzer)  from a pro tec ted  area ( B u i l d i n g  4301) du r ing  
the a c t u a l  s t a t i c  f i r i n g s .  A separate spectrum analyzer was coupled t o  each 
antenna and i t s  r e s p e c t i v e  computer system t o  p rov ide  system independence. 
Schematics of t h e  two system c o n f i g u r a t i o n s  a re  shown i n  F igures 1 and 2, 
w i t h  t h e  r e s p e c t i v e  l i s t i n g  o f  equipment, model numbers, and o t h e r  p e r t i n e n t  
i n f o r m a t i o n  l i s t e d  i n  t h e  Appendix. 
2 
Antenna 
Level 4. As1 Test Stand 
Figure 1 .  Anntenna Location, RFE Measurement Systems 
Monitoring System 
Antenna Location Local Video Remote Site 
a = Distance from nozzle exit 0.0 2.5 
to center of antenna (ft) 
b = Distance from nozzle center 24.5 26.0 
line to antenna (11) 
c = Antenna viewing angle- 15.0 
degrees from horizontal 
0.0 
3 
A - l  Test Stand 
Antenna (Radio Shack) 
Building 1100 
Spectrum 
Analyzer, MOD 
TEK 2756P 
Camcorder 
IBM PC with 
m i i m a g e  Processing 
a. Local Video Recording System 
A-l  Test Stand 
Antenna (Log Periodic) 
Spectrum 
Analyzer, MOD I TEK 2755P I 
IBM PC with GPlB 
and Remote Site 
Software 
Building 4301 
Printer rL_I 
PC with Host 
Site Software 
b. Remote Site Monitoring System 
Figure 2. RFE Measurement Systems 
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Experiment D e s c r i p t i o n  
The experiments were conducted d u r i n g  the pe r iod  May 3 t o  September 15, 
1988. Several base l i ne  measurements were obta ined du r ing  SSME s t a t i c  f i r i n g s  
from May 3 t o  August 29, 1988, d u r i n g  which t h e  system was checked o u t  and per- 
sonnel became f a m i l i a r  w i t h  the  equipment. However, t he  pr imary t e s t ,  which 
was i n v e s t i g a t e d  w i t h  a f u l l - u p  system f o l l o w i n g  r e s o l u t i o n  o f  e a r l y  problems, 
was conducted on September 15, 1988 (Tes t  No. 901-582). The d u r a t i o n  o f  t h i s  
f i r i n g  was 50 sec and i t  occurred a t  approximately 7:OO p.m. 
t h i s  experiment a re  presented i n  the Conclusion along w i t h  data from the  l a s t  
base l i ne  experiment. 
F igu re  3 f o r  t h e  September 15  t e s t .  
The data from 
The SSME Run Schedule/Thrust P r o f i l e  i s  shown i n  
100 - 
80 - 
L. E - 
0) 
6 0 -  
ii : 
40 - 
C/O at 
20 40 
100% 50 
* 104% * 
100% 
t 
10 20 30 40 50 
Time (sec) 
F igu re  3. Engine 0211, Tes t  901-582, Th rus t  P r o f i l e  
The RFE propagated i n  t h e  exhaust plume were rece ived  by the  antenna and 
t r a n s m i t t e d  t o  t h e  spectrum analyzer where t h e  s i g n a l s  were converted t o  a 
f u n c t i o n  o f  frequency and vol tage. 
corder  ( f o r  t he  Local Video Recording System) and a f t e r  t h e  f i r i n g  was pro- 
cessed on an I B M  PC l o c a t e d  i n  B u i l d i n g  1100, o r  t r a n s m i t t e d  through the  
telephone in te rconnec t  and processed i n  near r e a l  t ime on t h e  I B M  PC i n  
B u i l d i n g  4301 ( f o r  t h e  Remote S i t e  Mon i to r i ng  System). 
analyzed and evaluated t o  determine the  presence o f  EM energy and whether o r  
n o t  i t  cou ld  be d i s t i n g u i s h e d  from background noise.  
The ou tpu t  was then recorded on t h e  cam- 
The data were then 
5 
SSME D e s c r i p t i o n  
The SSME i s  a l i q u i d  p r o p e l l a n t  (LOX/LH2), pump-fed, regenera t i ve l y  cooled 
r o c k e t  engine t h a t  develops 393,000 l b  of t h r u s t  (104% o f  r a t e d  power l e v e l )  
a t  sea l e v e l  cond i t i ons .  The SSME has a nozz le area r a t i o  o f  77 and, w i t h  an 
o x i d i z e r / f u e l  r a t i o  o f  6 ( a  t o t a l  mass f lowra te  o f  1081 lbm/sec), operates a t  
3126-psia combustion chamber pressure and 3000 'F chamber temperature. SSME 
S/N 0211 was undergoing produc t ion  t e s t i n g  a t  the  A-1  Test Stand when the  
exper iments discussed he re in  were conducted. 
Tes t  S tand/ Ins ta l  l a t i o n  
The A-1  Tes t  Stand was designed and b u i l t  t o  accomplish s t a t i c  t e s t i n g  
The RFE Detec t ion  System was i n s t a l l e d  on t h e  f o u r t h  l e v e l  o f  
o f  t h e  Saturn V ,  S-IC engine a t  ambient cond i t ions .  
Apol lo  Program, t h e  t e s t  was modi f ied t o  accomplish s i m i l a r  t e s t i n g  o f  the 
SSME engine. 
t h e  A-1  Stand, and t h e  RF antennas were pos i t i oned  near t h e  SSME exhaust 
nozz le  t o  rece ive  t h e  emi t ted  r a d i o  waves. 
Fo l low ing  t h e  end o f  the  
6 
RESULTS 
Several base l i ne  RFE measurements (us ing  max-hold, and l a t e r  remote ly  
c o n t r o l  l e d  sweep-frequency techniques) were conducted from May 3, 1988 t o  
August 29, 1988. I n  a d d i t i o n  t o  e s t a b l i s h i n g  a basel ine,  these i n i t i a l  
opera t ions  prov ided t h e  necessary checkout pe r iod  requ i red  t o  i d e n t i f y  
i nhe ren t  problems w i t h  t h e  equipment and techniques used, and a l s o  a l lowed 
t h e  personnel t o  become f a m i l i a r  w i t h  t h e  systems operat ion.  
t e s t s  a re  discussed below: 
These e a r l y  
1. May 3, 1988--(760-sec SSME t e s t  f i r i n g ) .  Using the  max-hold tech- 
nique w i t h  the  Tek t ron i x  2756P Spectrum Analyzer, and by comparing 
the recorded spec t ra l  waveforms before,  dur ing,  and a f t e r  t h e  t e s t  
f i r i n g ;  i t  was found t h a t  t h e  exhaust plume d i d  r a d i a t e  EM energy 
i n  severa l  spec t ra l  reg ions :  20 t o  100, 140 t o  160, 400 t o  420, and 
460 t o  470 MHz. The maximum ampl i tude d i f f e r e n c e s  were more than 
20 dBm f rom the  r e g u l a r  no ise  l e v e l .  However, s ince  t h e  max-hold 
technique was used, no rea l - t ime  ampl i tude v a r i a t i o n s  on t h e  
dynamics o f  spec t ra l  s ignatures  were recorded. 
2. J u l y  20 and 21, 1988--Rhode & Schwarz, des igners and manufacturers 
o f  EM1 and RFI ins t rumenta t ion ,  were contacted f o r  t h e  purpose o f  
us ing  t h e i r  spectrum analyzer  FSA i n  p lace o f  t he  Tek t ron ix  2756P 
t o  conduct a demonstrat ion measurement o f  RFE from t h e  SSME exhaust 
plume d u r i n g  t e s t  f i r i n g s  on J u l y  20 and 21. 
s i m i l a r  t o  those obta ined from the  prev ious measurements, which 
u t i l i z e d  t h e  Tek t ron i x  Model 2756P Spectrum Analyzer. The two se ts  
o f  measurements conf i rmed t h a t  e lect romagnet ic  energy i s  r a d i a t e d  i n  
several  spec t ra l  reg ions  o f  t h e  SSME exhaust plume. 
The r e s u l t s  were 
3. August 29, 1988--(1040-sec SSME t e s t  f i r i n g ) .  Two Tek t ron ix  spec- 
t rum analyzers were used t o  measure RFE: Model 2755P w i t h  max-hold, 
remote-si t e  c o n t r o l  techniques, and Model 2756P w i t h  run-t ime d i  s- 
p l a y  o f  spec t ra l  waveforms us ing  a v ideo camcorder t o  reco rd  r e a l -  
t ime ampl i tude v a r i a t i o n s  o r  t he  dynamics o f  s p e c t r a l  s ignatures  
f rom t h e  scope. The video reco rd ing  f a i l e d  due t o  low b a t t e r y  
power, b u t  t h e  o f f s i t e  system d i d  record  a very  prominent RF rad ia -  
t i o n  i n  the  spec t ra l  range o f  20 t o  40 MHz (as  shown i n  F igu re  4 ) .  
Fo l l ow ing  t h e  base l ine  experiments, da ta  were then acqui red t h a t  y i e l d e d  
t h e  f o l l o w i n g  resu'l t s :  
1. September 15, 1988--(50-sec SSME t e s t  f i r i n g ) .  The encouraging 
r e s u l t s  obta ined on August 29 i n d i c a t e d  the  need f o r  a d d i t i o n a l  meas- 
urements w i t h  spec t ra l  bandwidth s e t  a t  4 t o  44 MHz. 
problem p r e v i o u s l y  encountered, an AC adapter was used t o  power the  
camcorder. The tape recorded t h e  dynamics o f  spec t ra l  s ignatures 
f rom t h e  scope, and t h e  recorder  images were s e q u e n t i a l l y  "frame- 
grabbed." The RFE f rom t h e  SSME exhaust plume expressed i n  terms o f  
spec t ra l  l i n e  ampl i tude v a r i a t i o n s ,  i n  m ic rovo l t s ,  f rom 25 t o  43 MHz 
a re  shown i n  t h e  t a b l e .  There a r e  s i g n i f i c a n t  ampl i tude v a r i a t i o n s  
b o t h  i n  29 t o  31  MHz and 34 t o  38 MHz spec t ra l  bands. F igu re  5 a l s o  
i l l u s t r a t e s  these v a r i a t i o n s .  
To reso lve  t h e  
7 
Figure 4 .  Comparison of Spectral Waveforms Before and  After Test Firing 
as Measured on August 29,  1988 
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BLACK AND WHLTE PHOTOGRAPH 
F igu re  5 .  S i x  Sequent ia l  Video D isp lays  o f  Plume Emission Spect ra l  S igna tu res  
Before, Dur ing,  and A f t e r  SSME Tes t  F i r i n g  
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Figure 5. S i x  Sequential Video Displays o f  Plume Emission Spectral Signatures 
Before, During, and After SSME Test F i r i n g  (Continued) 
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BLACK AND WHITE PHOTOGRAPH 
F i g u r e  5. S i x  Sequent ia l  Video D isp lays  o f  Plume Emission Spect ra l  S ignatures 
Before, Dur ing,  and A f t e r  SSME Test  F i r i n g  (Cont inued) 
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Table. RFE from the SSME Exhaust Plume, Expressed i n  Terms of Spectral 
Line Amplitude ( in  microvolts) from 25 t o  43 MHz. 
Data Fi le  ID* 
Baseline before t e s t  
RFEBTF 07 
Data d u r i n g  t e s t  
RFEDTF 32 
RFEDTF 35 
RFEDTF 42 
RFEDTF 53 
RFEDTF 57 
RFEDTF 60 
RFEDTF 64 
RFEDTF 68 
Baseline after tes t  
RFEATF 97 
Frequency 
(MHz) 
25 29 30 31 32 34 36 38 40 41 42 43 - - - - - - - - - - -
60 -- 90 - 95 131 118 41 72 32 30 31 28 
60 - 110 100 -- 130 102 48 75 30 31 25 26 
50 70 91 93 141 102 - 60 91 32 33 20 37 
60 - 110 -- -- 124 120 40 80 32 29 30 29 
65 100 100 -- 120 86 35 80 28 26 25 25 
60 70 70 90 131 - 145 55 90 36 37 28 25 
70 60 - 115 -- 120 132 50 - 100 35 33 30 29 
68 86 79 87 122 140 56 95 -- 40 -- 32 
24 -- -- -- -- 61 -- 80 -- 122 55 -- 
*Data Fi le  ID Code: 
RFE = Radio Frequency Emissions 
ATF = After Test F i r i n g  
BTF = Before Test F i r i n g  
DTF = Dur ing  Test Firing 
07, 32, e tc .  = Video frame numbers 
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CON CLU SI ON S 
Measurements of RFE from the SSME exhaust plume using a spectrum analyzer 
system identified several spectral bands  of electromagnetic r a d i a t i o n .  The use 
of a video camcorder t o  record the run-time spectral waveform captured the 
dynamics of the emission spectral signatures. These preliminary resu l t s  i n d i -  
cate t h a t  future e f fo r t s  shou ld  def ini te ly  be pursued as a potential means of 
engine health monitor ing or anomaly condition detection. The approach taken 
was innovative and the resu l t s  were significant.  To m a i n t a i n  a low-cost ini-  
t i a t i v e ,  t h e  main measurement system (spectrum analyzer and  computer systems) 
was leased. Since the A - 1  Test Stand was inaccessible d u r i n g  the t e s t  f i r i ng ,  
a remote-site interface system was implemented using a host computer and a 
remote-site control  computer. To capture the real-time emission spectral 
signature variation, a video camcorder was used t o  record the real-time 
em i s s i on s pe c t r a 1 wave form s . 
The following conclusions were developed: 
1. The small d a t a  se t s  obtained t o  date are qual i ta t ive,  b u t  no t  
concl usi ve. 
2. The e f fo r t s  shou ld  be continued i n  order t o  acquire additional d a t a  
u s i n g  the same techniques. 
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RECOMMENDATIONS 
To f u r t h e r  these s tudy e f f o r t s ,  t h e  f o l l o w i n g  i tems a r e  recommended: 
1. Obtain t h e  same measurements a t  SSC's D iagnost ic  Test  F a c i l i t y  (DTF) 
i n v e s t i g a t i n g  d i f f e r e n t  spec t ra l  reg ions,  i.e., f rom 100 KHz t o  
50 MHz. The DTF t h r u s t e r  should emi t  e lect romagnet ic  energy i n  much 
lower frequency reg ions  because o f  temperature, pressure, f i r i n g  
dura t ion ,  and t h r u s t .  
2. The spectrum analyzer  system was leased f o r  s i x  months ( th rough 
January 1989). To acqu i re  a d d i t i o n a l  data, a one-year extens ion o f  
t h i s  lease i s  recommended. 
3. I n  a d d i t i o n  t o  t h e  lease extension, t h e  c u r r e n t  measurement system 
should be upgraded t o  inc lude:  
a. A new antenna w i t h  c a l i b r a t e d  opera t i ng  f requency ranging f rom 
10 t o  200 MHz. 
b. M o d i f i c a t i o n  o f  t h e  programmable p a r t  o f  t h e  spectrum analyzer  
t o  be capable o f  s t o r i n g  t h e  spec t ra l  waveform data t o  computer 
random access memory, cache, o r  expand memory i n  r e a l  t ime. 
( T h i s  w i l l  rep lace  t h e  use o f  a camcorder t o  reco rd  the  r e a l -  
t ime spec t ra l  waveforms, and t h e  d i g i t a l  l y  s to red  spec t ra l  data 
a re  much b e t t e r  f o r  the  study o f  plume emission spec t ra l  
s ignatures.  
c. D i r e c t  measurement o f  r a d i a t i o n  f i e l d  s t rength ,  us ing  RFI 
r e c e i v e r s  (manufactured by  Rhode & Schwarz, E lect ro-Metr ics ,  
and o the rs ) .  D i r e c t  measurement i s  recommended f o r  f u t u r e  
i n v e s t i g a t i o n ,  s ince  t h e  technique prov ides b e t t e r  accuracy 
and f a s t e r  data a c q u i s i t i o n  when emission spec t ra l  bands are  
1 oca t e d  . 
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APPEND I X
COMPONENTS AND SETTINGS FOR THE SPECTRUM ANALYZER 
USED I N  THE 
LOCAL VIDEO RECORDING AND REMOTE S I T E  MONITORING SYSTEMS 
Components o f  t he  Local Video Recording System 
~ ~~ ~~ ~~~~ ~ 
Component Desc r ip t i on  
Log p e r i o d i c  antenna E lec t ro -Met r ics  Model No. LPA-30 
Antenna cable rg-59Iu; 75  f t  
Spectrum analyzer  Tek t ron ix  model no. 2756p 
TV camcorder Panasonic model no. P V  330 
VCR R e a l i s t i c  HQ PLL model no. 41 
PC w i t h  image processing card and software I B M  PCIAT;  Targa/AT&T-24 
Se t t i ngs  f o r  t h e  Spectrum Analyzer Used i n  the  Local Video Recording System 
Parameter 
Center frequency 
Span d i v i s i o n  
Reference l e v e l  
V e r t i c a l  d i s p l a y  
RF a t tenua t ion  
Frequency range 
Reference o s c i l l a t o r  
Video f i  1 t e r  
Resolut ion bandwidth 
S e t t i n g  
24 MHz 
4 MHz 
(-1 63 dBm 
20 V/div 
0 dB 
0-1.8 
I NT 
30 kHz 
1 MHz 
Pa ramet e r  
L inear  v e r t i c a l  d i s p l a y  
Auto reso l  u t i o n  bandwidth 
Video f i l t e r  wide 
Marker th resho ld  auto 
Gra t ing  i l l u m i n a t i o n  
Readout 
D i g i t a l  s torage view A 
T r igge r ing  f r e e  run  
T i  me/d i v i  s i o n  
S e t t i n g  
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
AUTO 
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Components of  t h e  Remote S i t e  Mon i to r ing  System 
Component 
VHF/UHF antenna 
Antenna cab1 e 
Spectrum analyzer  
PC w i t h  G P I B  Card and 
Remote-Si t e  Software 
Tel  ephone/Modem System 
PC w i t h  Host-Si te  Software 
P r i n t e r  
Desc r ip t i on  
Radio Shack model no. VU-75 
RG-59-U; 75 f t  
Tek t ron i x  model no. 2755P 
I B M  PC/AT; I B M  G P I B  card; Tek t ron i x  model 
No. S26RM01 V.1.00 RSM (remote s i t e )  program 
d isk ,  and V.1.30 RSM (remote s i t e )  system d i sk ;  
Norton-Lambert Close-up (customer),  Tek t ron ix  
Version, V1.10 
Intecom Corp. model no. IBX ;  I T E  128 D O B l A  
(operated a t  9600 baud) 
I B M  PC/AT; Tek t ron i x  model no. S26RM01 V.1.00 RSM 
host -s i  t e  d i sk ;  Norton-Lambert Close-up 
(suppor t )  , Tek t ron i x  Version, V1.10 
Epson FX 286E 
~ ~~ ~ 
Se t t i ngs  fo r  t he  Spectrum Analyzer Used i n  the  Remote S i t e  Mon i to r i ng  System 
Parameter 
Center f requency 
Pan d i v i s i o n  
Reference l e v e l  
V e r t i c a l  d i s p l a y  
RF a t t e n u a t i o n  
Frequency range 
Reference o s c i l l a t o r  
Video f i l t e r  
Reso lu t ion  bandwidth 
S e t t i n q  
200, 400, 
600, 800 MHz 
40 MHz 
( - 1  23 dBm 
10 dB 
10 dB 
0-1.8 
I NT 
30 kHz 
1 MHz 
Parameter 
10 dB/Di v. v e r t i c a l  d i  sp lay  
Auto r e s o l  u t i  on bandwidth 
Video f i l t e r  wide 
Marker t hreshol  d au to  
Gra t i ng  i l l u m i n a t i o n  
reado u t  
D i g i t a l  storage view a 
T r i g g e r i n g  f r e e  r u n  
T ime/d iv is ion  
S e t t i n g  
ON 
ON 
ON 
ON 
ON 
on 
on 
ON 
AUTO 
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